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As global warming has raised more critical concerns in recent years, refrigerants with high global warming 
potentials (GWP) are facing the challenges of being phased out. R410A, with a GWP of 2,088, has been widely used 
in residential air-conditioning and heat pump systems. A potential substitute for R410A is R32, which has a GWP of 
675. This paper investigates the performance difference of R410A and R32 in a vapor-injected heat pump system. A 
drop-in test was performed using R32 in a heat pump system that was designed for R410A, for both cooling and 
heating conditions. Through experimentation, it was found that for a single-stage cycle without vapor injection, the 
capacity improvement of using R32 was between 3.4% and 9.7%, and the COP improvement was between 2.0% and 
9.0%, as compared to an identical cycle using R410A. For the vapor injection mode, the capacity improvement of 
R32 was found to be 1.8% to 7.4%, and the COP improvement was found to be 1.2% to 5.7%. No improvement was 
found for extreme cooling and heating conditions. High compressor discharge temperature was observed at extreme 
cooling and heating conditions when using R32. The compressor performance was analyzed to better understand the 
performance difference between the two different refrigerants. It is concluded that R32 is an excellent alternative to 




Chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) have been widely used in air-conditioning and 
refrigerant industry since the 1920s. However, it was pointed out that CFCs could cause the depletion of 
stratospheric ozone layer (Monica and Roland, 1974), and there was a rising attention of controlling CFCs and 
HCFCs due to such environmental concerns. As a result, hydrofluorocarbons (HFCs) such as R134a and R410A 
were developed as alternative refrigerants in the 1990s. In 1997, Kyoto Conference announced that the production 
and use of HFCs should also be regulated due to their high global warming potentials (GWPs). In the residential 
application, R410A, with a GWP of 2,088 (IPCC, 2007), is also facing the challenge to be phased out. Research 
efforts have been performed to search for substitutes for R410A.  
 
Pande et al. (1996) tested three refrigerants, R32, R410A (R32/R125, 50/50 wt.%) and R410B (R32/R125, 45/55 
wt.%), in a residential heat pump system and compared their performance with R22. It was found out that R32 
yielded the best performance. R32 showed cooling seasonal performance 5% better than R22 and heating seasonal 
performance 3% to 4% better than R22. R410A and R410B showed 2% to 3% better cooling seasonal performance, 
and equivalent heating seasonable performance than those of R22. Yajima et al. (2000) investigated the performance 
and total equipment warming impact (TEWI) of a 16 kW prototype with a variable speed compressor. Test results 
showed that the COP of R32 was higher than that of R410A not only under the rated capacity condition, but also 
under the capacity reduction condition by compressor speed control. In Tokyo area, its TEWI dropped by 18% in 
comparison with that of R410A and the direct impact portion of R32 decreased to 7% of the total impact. Taira et al. 
(2011) proposed a notion of diversity of refrigerant choice, and suggested that R32 is a refrigerant enabling quick 
action against global warming. Tu et al. (2011) compared the performance using R32 and R410A in a 
thermodynamic model and conducted experiments at different operating conditions in a 3.2 kW residential heat 
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pump unit. Experimental results showed that R32 outperformed R410A by 8% and 3% in cooling and heating 
capacities, respectively, and by 3% and 2% in cooling and heating COPs, respectively. Huang et al. (2011) tested an 
air-to-water heat pump with tube-bundle-double-pipe heat exchanger. Test results showed that the charge of R32 
was 66% of R410A. Cooling performance of R32 was close to that of R410A, and the heating COP was 14% higher 
than that of R410A. Bella and Kaemmer (2011) performed the analysis of R32 versus R410A in air conditioning and 
heat pump applications with a scroll compressor. They concluded that R32 is ready and could be implemented soon. 
They also reported that the application envelope for a heat pump system would be decreased when switching from 
R410A to R32. 
 
As can be seen from research efforts in the literature, although R32 has been studied experimentally and 
theoretically, all works have been conducted on a conventional single-stage vapor compression cycle. Figure 1 
shows the schematic of a flash tank vapor injection two-stage cycle. Compared to a conventional single-stage cycle, 
a flash tank vapor injection cycle has two-stage expansion. The liquid and vapor is separated in the flash tank after 
the first stage expansion. The vapor is injected to the compressor, and the liquid refrigerant go through the second 
expansion valve, and then flows through the evaporator. It’s known from the literature that vapor injection system 
has benefits of potential capacity and COP improvement, especially at low temperature heating condition (Xu et al., 
2011). As there was no open publication on such research effort, employing refrigerant R32 in a vapor injection 
two-stage system is worth for investigation. This paper focuses on comparing the performance between R410A and 











































Figure 1: Schematic of a flash tank vapor injection cycle Figure 2: Property comparison of R410A and R32 
in a P-h diagram 
 
 
2. PROPERTY COMPARISON BETWEEN R410A AND R32 
 
Table 1 shows basic properties comparison of R410A and R32. R410A is a refrigerant mixture of R32 and R125 
with 50/50 wt.%, and R32 is a pure fluid. The molecular weight of R32 is 28% lower than that of R410A. Critical 
pressure and temperature of R32 are 850 kPa and 6.0 K respectively higher than those of R410A. Both R410A and 
R32 have very similar boiling point. As discussed before, the main environmental benefit of R32 over R410A is due 
to the fact that R32 has a much lower GWP of 675, compared to R410A with a GWP of 2,088. 
 
Table 2 shows properties of R410A and R32 in typical condensing and evaporating conditions for air conditioning 
application. With a condensing temperature of 44ºC and an evaporating temperature of 10ºC, the latent heat of R32 
is 40% to 50% respectively higher than that of R410A. Moreover, the liquid thermal conductivity of R32 is 40% 
higher than that of R410A at both condensing and evaporating conditions, and this would greatly enhance the heat 
transfer rate when using R32. However, the suction vapor density of R32 is 28% lower than that of R410A, and this 
leads to a decrease of the refrigerant mass flow rate. The overall effect with differences in the refrigerant density and 
latent heat result in an increase of 3% in the volumetric capacity comparing R32 to R410A. At the same condensing 
and evaporating conditions, the viscosity of R32 is typically lower than that of R410A, and this would decrease the 
pressure drop across heat exchangers as well. 
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Table 1: Basic property comparison (EES, 2011; IPCC, 2007) 
 
Property Unit R410A R32 
Composition - R32/R125 (50/50 wt.%) Pure fluid 
Molecular weight g/mol 72.6 52.0 
Critical pressure MPa 4.93 5.78 
Critical temperature ºC 72.1 78.1 
Critical density kg/m
3
 489.0 424.1 
Normal boiling point ºC -51.5 -51.7 
GWP - 2,088 675 
 
Table 2: Properties of R410A and R32 in typical condensing and evaporating conditions (EES, 2011) 
 
Parameter Unit R410A R32 
Temperature ºC 44 10 44 10 
Saturated vapor pressure kPa 2,653 1,081 2,729 1,107 
Liquid density kg/m
3
 953.2 1,133 872.6 1,020 
Vapor density kg/m
3
 115.6 41.9 82.4 30.2 
Latent heat kJ/kg 151.7 209.9 226.7 298.9 
Liquid specific heat kJ/(kg·K) 1.89 1.57 2.25 1.80 
Vapor specific heat kJ/(kg·K) 1.94 1.23 2.07 1.34 
Liquid thermal conductivity mW/(m·K) 75.1 98.1 105.1 136.4 
Vapor thermal conductivity mW/(m·K) 18.7 13.6 21.4 15.3 
Liquid viscosity µPa·s 92.0 147.3 92.6 139.5 
Vapor viscosity µPa·s 15.7 12.7 14.0 12.0 
Suction specific volume @ 10ºC m
3
/kg - 0.0238 - 0.00331 
Volumetric cooling capacity kJ/m
3
 - 8,804 - 9,039 
 
Figure 2 shows the P-h diagrams of R410A and R32 in comparison. It can be easily seen that the enthalpy difference 
between the saturation vapor and liquid lines of R32 is always larger than that of R410A, and therefore the latent 
heat of R32 is higher than that of R410A. The slope of isentropic lines of R32 is also lower than that of R410A, and 
therefore the compressor power consumption per unit mass flow rate of R32 is typically higher than that of R410A 










































Figure 3: Schematic of the test facility for a flash tank vapor injection cycle 
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3. EXPERIMENTAL SETUP 
 
The schematic of the test facility is shown in Figure 3. It is a heat pump system designed for R410A. The indoor unit 
is located in a closed psychrometric loop, and the air is driven by the blower of the air handling unit. The air flows 
through the nozzle, which measures the air volume flow rate, and then enters the indoor unit. Within the inlet and 
outlet of the indoor unit, two 9-thermocouple grids measure the temperatures of the inlet and outlet air. Relative 
humidity sensors were installed to measure the relative humidity of the inlet and outlet air. The outdoor unit is 
located inside of an environmental chamber, where temperature and humidity can be controlled. Thermocouples and 
dew point sensors were installed to measure the air-side inlet and outlet temperatures and dew points, respectively. 
Pressure transducers and in-stream thermocouples were installed in the vapor compression system to measure the 
refrigerant-side pressures and temperatures, respectively. Mass flow meters were installed to measure the refrigerant 
mass flow rates of the injected vapor and the condenser. A watt meter was installed to measure the compressor and 
outdoor fan motor power consumption. The compressor used in the experimental study is a vapor-injected scroll 
compressor. It has a constant speed of 3,500 RPM with a displacement of 29.5 cm
3
. The system can be operated 
either with vapor injection or without vapor injection by controlling an injection control valve located in the vapor 
injection line. The specifications of the outdoor and indoor heat exchangers are shown in Table 3. The heat pump 
system can be operated for both cooling and heating modes. The uncertainties of instruments and calculated 
parameters are summarized in Table 4. 
 







Tube length  mm 2,565 483 
Tube outer diameter mm 7.9 9.5 
Tube wall thickness  mm 0.8 0.8 
Tubes per bank  - 32 26 
Number of tube banks  - 2 3 
Coils in parallel  - 1 2 
Tube horizontal spacing  mm 15.7 25.4 
Tube vertical spacing  mm 24.1 25.4 
Fins per inch  - 22 12 
Fin thickness  mm 0.1 0.1 
Fin type - Wavy fin Wavy fin 
 
 
Table 4: Uncertainties of instruments and calculated parameters in the experimental study 
 
Instrument and Calculated Parameter Uncertainty 
T type thermocouple (range: -200 – 350ºC) ±0.5ºC 
Pressure transducer (range: 0 – 3,447 kPa) ±3.79 kPa 
Pressure transducer (range: 0 – 6,895 kPa) ±8.62 kPa 
Relative humidity sensor (range: 0% – 100%) ±1.0% 
Dew point sensor (range: -80 – 95ºC) ±0.2ºC 
Mass flow meter (range: 0 – 100 g/s) ±0.2% of flow rate 
Watt meter (range: 0 – 5 kW) ±0.5% of full scale 
Refrigerant-side capacity ±0.6% of calculated value 
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4. EXPERIMENTAL RESULTS AND DISCUSSION 
 
4.1 Test Conditions 
The test conditions followed ASHRAE Standard 116 (1995), and extended conditions of 46.1ºC for cooling and       
-17.8ºC for heating were added to investigate the system behaviors at severe weather conditions, as shown in Table 




according to the 
manufacturer’s specification. The purpose of this experimental study is to investigate the performance difference 
between R410A and R32 in both with and without vapor injection. The system used to perform the experiments is 
originally designed for R410A. Drop-in test was performed with R32 without any system modifications for the tests 
without vapor injection and with vapor injections. 
 




DB WB RH DB WB RH DP 
Extended 
Condition 
26.7°C 19.4°C 50.7% 
46.1°C 
NA NA NA 
Steady State Cooling 
A 35.0°C Steady State Cooling 
B 27.8°C Steady State Cooling 
High 
Temp2 
21.1°C ≤15.6°C ≤56.4% 
8.3°C 6.1°C 72.9% 3.7°C Steady State Heating 
Low Temp -8.3°C -9.4°C 69.8% -12.3°C Steady State Heating 
Extended 
condition 
-17.8°C NA NA NA Steady State Heating 
  
 
4.2 Performance Evaluation 
Both air-side and refrigerant-side heat transfer capacities can be obtained from the experiment. For the air side, the 
capacity is calculated in Equation (1): 
                                                                 
, , ,
( )
air air air out air in fan indoor
WQ m h h                                                                 (1) 
where 
air
m  is the air mass flow rate; 
,air out
h  is the outlet air enthalpy at the indoor heat exchanger, and 
,air in
h  is the 
inlet air enthalpy at the indoor heat exchanger, 
,fan indoor
W  is the indoor fan power consumption. For the cooling mode, 
it decreases the net cooling capacity; for the heating mode, it increases the net heating capacity. For the refrigerant 
side, the capacity is calculated in Equation (2): 
                                                                 
, , ,
( )
ref ref ref out ref in fan indoor
WQ m h h                                                                (2) 
where 
ref
m  is the refrigerant mass flow rate; 
,ref out
h  is the refrigerant enthalpy at the indoor heat exchanger outlet, 
and 
,ref in
h  is the refrigerant enthalpy at the indoor heat exchanger inlet. Energy balance between air side and 
refrigerant side is calculated in Equation (3): 







                                                                          (3) 
Basically energy balances during different tests are within 6% to ensure the validity of test results according to 
ASHRAE Standard 116 (1995). Data summarized in this paper utilizes capacity from the refrigerant side. The 
system cooling and heating COP is defined in Equation (4): 




                                                                              (4) 
where W  is the total power consumption of the heat pump system, including the compressor, the indoor and 
outdoor fan power consumptions. 
 
4.3 Performance Comparison between R410A and R32 without Vapor Injection 
First, experimental tests were conducted without vapor injection. In such a case the heat pump system works as a 
conventional single-stage vapor compression cycle. Figure 4 shows capacity comparison between R410A and R32 at 
  2328, Page 6 
 
International Refrigeration and Air Conditioning Conference at Purdue, July 16-19, 2012 
 
different operating conditions without vapor injection. The dotted line divides the ambient temperatures into cooling 
mode and heating mode results on the left and right, respectively. The capacity improvement was observed to be 
3.4% to 9.7%. However, it is noticed that there was no improvement at the ambient temperature condition of -18ºC. 
Figure 5 shows the COP comparison between R410A and R32 at different ambient temperatures. The improvement 
was found to be 2.0% to 9.0% comparing R32 to R410A. It is also noticed that there was no improvement for COP 

























































Figure 4: Experimental results without vapor injection: 
capacity comparison 



























































































Figure 6: Experimental results without vapor injection: 
discharge temperature comparison 
Figure 7: Experimental results without vapor injection: 
refrigerant mass flow rate comparison 
 
Figure 6 shows the compressor discharge temperature comparison between R410A and R32. The discharge 
temperature of R32 was significantly higher than that of R410A. The difference was quite remarkable at the ambient 
temperature of -18ºC, at which an increase of 34.2ºC was observed. This also brings up one challenge regarding the 
compressor design when switching from R410A to R32. Figure 7 shows the refrigerant mass flow rate comparison 
between R410A and R32. The refrigerant mass flow rate decrease was found to be between 28.6% and 31.2%, and 
the maximum decrease was also observed at the ambient temperature of -18ºC.  
 
4.4 Performance Comparison between R410A and R32 with Vapor Injection 
Experimental tests with vapor injection were also conducted. In this operation mode the heat pump system works as 
a two-stage cycle with a flash tank. Figure 8 shows the capacity comparison between R410A and R32 at different 
operating conditions. It can be seen that the capacity improvement was between 1.8% and 7.4%. However, no 
improvement was observed for the extreme cooling and heating conditions.  Figure 9 shows COP comparison 
between R410A and R32 at different operating conditions. The COP improvement was found to be between 1.2% 
and 5.7%. Similar to the capacity variations, there was no improvement at the extreme cooling and heating 
conditions.  
 
  2328, Page 7 
 




















































Figure 8: Experimental results with vapor injection: 
capacity comparison 



























































































Figure 10: Experimental results with vapor injection: 
discharge temperature comparison 
Figure 11: Experimental results with vapor injection: 
refrigerant mass flow rate comparison 
 
Figure 10 shows compressor discharge temperature comparison between R410A and R32 at different operating 
conditions. The temperature increase was found to be 11.3ºC to 39.3ºC. The increase was also significant at low 
temperature heating condition of -18ºC and high temperature cooling condition of 46ºC.  Figure 11 shows 
refrigerant mass flow rate comparison between R410A and R32 at different operating conditions. The mass flow rate 
decrease was quite remarkable for 46ºC and -18ºC conditions. The main reason for the decrease of capacity and 
COP at extreme ambient conditions is due to the reduction of refrigerant mass flow rate. Through the 
thermophysical property comparison between R410A and R32 it’s known that the density difference between 
R410A and R32 is around 28%, and therefore the ideal mass flow rate difference should be close to 28%. However, 
the refrigerant mass flow rate difference was larger than 28% for extreme cooling and heating conditions. This 
indicates that the compressor underperformed when R32 was used in these conditions. In order to explain this result, 
more detailed analysis is conducted in the compressor efficiency analysis section.  
 
4.5 Experimental Results Discussion 
The experimental study provides test results of R410A and R32 with and without vapor injection. For a single-stage 
cycle without vapor injection, R32 outperformed R410A in capacity and COP under most operating conditions. This 
was mainly due to the better heat transfer characteristics of R32 compared to R410A. For a two-stage cycle with 
vapor injection, R32 slightly outperformed R410A in mild temperature conditions, and underperformed R410A in 
extreme cooling and heating conditions. However, R32 showed higher compressor discharge temperature than 
R410A. This is partially due to the fact that the density of R32 is smaller than that of R410A, which results in a 
reduction in the refrigerant mass flow rate. Moreover, it has been calculated that the volumetric capacity of R32 is 
3% higher than that of R410A. The current compressor is originally designed for R410A, and therefore it is slightly 
oversized for R32. This is also one reason that causes high compressor discharge temperature using R32. High 
compressor discharge temperature reduces the reliability of system operation due to the possibility of lubricating oil 
performance degradation. Therefore, reducing the compressor discharge temperature would be critical in applying 
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R32, especially at extreme cooling and heating conditions. Reducing compressor size could be one option to better 
fit the use of R32 in order to reduce compressor discharge temperature. Furthermore, two-phase injection to the 
compressor at extreme conditions can also be used to reduce compressor discharge temperature.  
 
5. COMPRESSOR EFFICIENCY ANALYSIS 
 
Compressor isentropic and volumetric efficiencies are critical parameters for the compressor performance. Figure 12 
shows the single-stage and two-stage compression cycle models. When the vapor injection is turned “off”, the 





























h  stands for the discharge enthalpy if the compression process is isentropic, and 
dis
h  is the actual discharge 
enthalpy. 
suc
h  stands for the suction enthalpy, and 
suc























a: Single-stage  b: Two-stage  
Figure 12: Single-stage and two-stage compression cycles in P-h diagrams 
 
When the vapor injection is turned “on”, the system works as a two-stage cycle. From Figure 12b it can be seen that 
the injected vapor from state “7” is mixed with the low-stage discharged vapor from state “9”, reaching state “8”, 
and then starts the high-stage compression process. States “ 9 ' ” and “ 2 ' ” stand for the low-stage and high-stage 
discharge states, respectively, if the compression process is isentropic. Low-stage and high-stage isentropic and 
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Figure 13 and Figure 14 summarize the isentropic and volumetric efficiencies comparison for R410A and R32, 
respectively, in a single-stage cycle without vapor injection. It can be seen that the isentropic efficiencies of R410A 
and R32 are almost the same for all ambient temperature conditions. The volumetric efficiency of R32 was slightly 
lower than that of R410A. This is mainly due to the fact that the compressor is designed for R410A, and therefore, it 
cannot reach its optimum performance when the drop-in test is conducted for R32.  
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Figure 13: Isentropic efficiency comparison for R410A 
and R32 in a single-stage cycle withou vapor injection 
Figure 14: Volumetric efficiency comparison for R410A 
and R32 in a single-stage cycle without vapor injection 
 
Figure 15 and Figure 16 summarize the comparison of low-stage and high-stage isentropic and volumetric 
efficiencies of R410A and R32 in a two-stage cycle with vapor injection at extreme conditions. It can be seen that at 
the ambient temperature of 46ºC and -18ºC, the isentropic efficiencies are almost the same but the volumetric 
efficiencies of R32 were significantly lower than those of R410A. This explains the significant refrigerant mass flow 












































Figure 15: Compressor efficiency comparison at 
extreme cooling condition of 46ºC for a two-stage cycle 
Figure 16: Compressor efficiency comparison at 





This paper investigates the performance difference between R410A and R32 in a vapor-injected heat pump system 
with a flash tank. Drop-in test was performed with R32 in the heat pump system for both cooling and heating 
conditions. A single-stage cycle without vapor injection and a two-stage cycle with vapor injection have been tested. 
Through experimentation, it was found that the capacity improvement of R32 over R410A was between 3.4% and 
9.7%, and the COP improvement was between 2.0% and 9.0% for the single-stage cycle without vapor injection. For 
the two-stage cycle with vapor injection, the capacity improvement was found to be 1.8% to 7.4%, and the COP 
improvement was found to be 1.2% to 5.7%. There was no improvement at extreme cooling and heating conditions. 
The inferior performance of R32 at the extreme conditions is mainly due to the refrigerant mass flow rate decrease 
caused by the compressor efficiency degradation.  In conclusion, R32 is an excellent alternative to replace R410A in 
terms of performance and can be further enhanced by component optimization. The main design issue of R32 is the 
high compressor discharge temperature at extreme cooling and heating conditions. Proper sizing the compressor 
appropriate to R32 properties could be one option. Furthermore, two-phase injection to the compressor at extreme 
conditions can also be utilized to reduce the compressor discharge temperature.  
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ASHRAE American Society of Heating, Refrigerating, 
and Air Conditioning Engineers 
CFC Chlorofluorocarbons 
COP Coefficient of Performance DB Dry bulb, ºC 
DP Dew point, ºC EES Engineering Equation Solver 
EB Energy balance GWP Global warming potential 
h  Refrigerant enthalpy, kJ/kg HCFC Hydrochlorofluorocarbons 
HFC Hydrofluorocarbons IPCC Intergovernmental panel on climate change 
m  Mass flow rate, kg/s MFR Mass flow rate, kg/s 
Q  Cooling and heating capacity, W RH
 
Relative humidity, % 
RPM Revolution per minute TEWI Total equivalent warming impact 
V Volume, m
3
 W  Power consumption, W 
WB Wet bulb, ºC   
 
Greek letters: 
  efficiency   density 
 
Subscripts 
air air side dis discharge 
in inlet condition ise isentropic 
low low-stage high high-stage 
out outlet condition ref refrigerant side 
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